Objectives. In October 2008, pulmonary tuberculosis (TB) was diagnosed in a driver who had transported 762 passengers in the District of Columbia metropolitan area during his infectious period. A passenger contact investigation was conducted by the six public health jurisdictions because of concern that some passengers might be infected with HIV or have other medical conditions that put them at increased risk for developing TB disease if infected.
Methods. Authorities evaluated 92 of 100 passengers with at least 90 minutes of cumulative exposure. Passengers with fewer than 90 minutes of cumulative exposure were evaluated if they had contacted the health department after exposure and had a medical condition that increased their risk of TB. A tuberculin skin test (TST) result of at least 5 millimeters induration was considered positive.
Results. Of 153 passengers who completed TST evaluation, 11 (7%) had positive TST results. TST results were not associated with exposure time or high-risk medical conditions. No TB cases were identified in the passengers.
Conclusions. The investigation yielded insufficient evidence that Mycobacterium tuberculosis transmission to passengers had occurred. TB-control programs should consider transportation-related passenger contact investigations low priority unless exposure is repetitive or single-trip exposure is long.
In September 2008, a 54-year-old U.S.-born male resident of the District of Columbia (DC) with no history of travel outside of the United States reported a three-month history of cough, night sweats, shortness of breath, weight loss, and fatigue. Initial treatment for community-acquired pneumonia did not resolve symptoms. In October 2008, a tuberculin skin test (TST) result was positive, and chest radiography revealed a left upper-lobe opacity and hilar lymphadenopathy. Sputum examination was positive for acid-fast bacilli, and a nucleic acid amplification test was positive for Mycobacterium tuberculosis (M. tuberculosis) complex. 1 The sputum culture grew M. tuberculosis, and the isolate was susceptible to all standard first-line TB drugs (i.e., isoniazid, rifampin, ethambutol, and pyrazinamide). The M. tuberculosis genotype was unique in the U.S. National TB Genotyping Service database. 2 The patient worked as a driver for a medical transportation company that provided services to passengers whose medical conditions limited their ability to use public transportation. He transported passengers in a four-door sedan to medical appointments in the metropolitan-DC area. The passengers resided in six metropolitan-DC jurisdictions (i.e., DC, two counties in Maryland, and three counties in Virginia). Upon diagnosis, the patient began medical leave to begin treatment and prevent further passenger exposures. In November 2008, the transportation company sent notification letters to the 762 passengers transported by the driver during his estimated six-month infectious period, which began in April 2008 and ended in October 2008. 3 However, the transportation company did not release the passengers' ages, disability status, or medical conditions to public health authorities. The lack of information complicated the decision to initiate a passenger contact investigation by public health authorities in the six affected jurisdictions.
Centers for Disease Control and Prevention (CDC) guidelines recommend assigning a low priority to transportation-related contact investigations unless ventilation in the mode of transportation is restricted or the exposure is repetitive or long (i.e., more than eight hours of cumulative exposure during a single trip). 3 However, few studies have reported on M. tuberculosis transmission in automobiles. The majority of published reports on transportation-related contact investigations have focused on transmission of M. tuberculosis during air travel with long cumulative exposures. [4] [5] [6] [7] Investigations among contacts to infectious TB disease have two primary objectives: (1) identify and treat contacts with TB disease to prevent additional M. tuberculosis transmission and (2) identify and treat contacts with M. tuberculosis infection to prevent future TB disease. 3 Contacts with medical conditions that increase the risk of progression from M. tuberculosis infection to TB disease (e.g., end-stage renal disease requiring hemodialysis, human immunodeficiency virus [HIV] infection, or immunosuppressant medication use) are considered high priority for both evaluation and treatment. 3, 8 HIV infection is a strong risk factor for TB disease after infection with M. tuberculosis, so contacts with HIV infection are assigned high priority for evaluation during contact investigations. In 2008, an estimated 3% of DC residents were living with HIV infection, exceeding the 1% epidemic threshold in a specific geographic area in the United States. 9 Considering the high background prevalence of HIV infection in the metropolitan-DC jurisdictions, and because passengers using the transportation company had unknown medical conditions that limited their ability to use public transportation, authorities were concerned that some passengers might be infected with HIV or have other medical conditions that put them at increased risk for developing TB disease if infected. Additionally, ventilation in the automobile had not been assessed. Therefore, during November 2008 through January 2010, a passenger contact investigation was conducted by the six public health jurisdictions.
MeThoDs
Because the medical conditions of the passengers were unknown, public health authorities collectively chose a conservative 90-minute cumulative exposure threshold for offering TB evaluation. Passengers with at least 90 minutes of cumulative exposure time to the driver were considered high priority for evaluation. These high-priority passengers were contacted via telephone and interviewed with a standardized data collection form, which included questions about signs and symptoms of TB disease, end-stage renal disease requiring hemodialysis, HIV infection, and immunosuppressant medication use. Regardless of signs and symptoms of TB disease or medical history, authorities referred all passengers with at least 90 minutes of cumulative exposure to the local health department for evaluation.
Passengers with fewer than 90 minutes of cumulative exposure to the driver were not actively contacted, but those who called a health jurisdiction were interviewed using the same form. Passengers initially classified as low priority based on cumulative exposure time but who reported signs or symptoms of TB disease or a medical condition that increased the risk of progression to TB disease (i.e., end-stage renal disease requiring hemodialysis, HIV infection, or immunosuppressant medication use) 3, 9 were reclassified as high priority. Passengers with fewer than 90 minutes of cumulative exposure, no self-reported signs or symptoms of TB disease, and no medical risk factors for TB disease were counseled that the risk of M. tuberculosis transmission was probably low; however, passengers who requested testing were referred to the local health department for evaluation.
For passengers without a history of positive TST results or current evidence of TB disease, the evaluation included a TST. On the basis of CDC guidelines, passengers were tested at least eight weeks following their last exposure to the driver and a TST result of at least 5 millimeters induration was considered positive, indicative of M. tuberculosis infection. Passengers who had a positive TST result were referred for further clinical evaluation and chest radiograph to exclude TB disease. Passengers who reported a prior positive TST result or a history of M. tuberculosis infection or TB disease were referred for further clinical evaluation and chest radiograph to exclude current TB disease. 3 All passengers with newly identified positive TST results or a history of M. tuberculosis infection without treatment were offered treatment for infection after TB disease had been excluded.
ResulTs
One hundred out of 762 passengers (13%) had at least 90 minutes of cumulative exposure time (Figure) . Of these 100 passengers, 92 (92%) were interviewed and eight (8%) could not be located. Of 662 passengers with fewer than 90 minutes of cumulative exposure time, 242 (37%) contacted a health department and were interviewed. Seventy-six of the 242 passengers who contacted a health department (31%) were reclassified as high priority based on medical history; further evaluation was not recommended for the other 166 (69%) low-priority passengers. However, 29 low-priority passengers sought testing despite counseling, and their results are included in the analysis. Of the 168 highpriority passengers interviewed, 124 (74%) completed evaluations. Forty-four (26%) high-priority passengers were excluded from analysis: 19 (11%) had a history of prior latent M. tuberculosis infection, and 25 (15%) had incomplete or no evaluations. The Table presents the characteristics and TST results of 153 passengers who completed evaluations: 124 (81%) high-priority passengers and 29 (19%) low-priority passengers. No passengers who completed evaluations had TB disease diagnosed.
A total of 11 (7%) passengers had positive TST results; seven (10%) had at least 90 minutes and four (5%) had fewer than 90 minutes of cumulative exposure time. Positive TST results were not associated with gender, country of origin, exposure time, or presence of specified medical conditions. Eight (73%) of the 11 passengers with positive TST results initiated treatment for latent M. tuberculosis infection. Of the eight passengers who initiated treatment, three (38%) completed treatment.
As of May 2011, more than two years following the investigation, the driver's M. tuberculosis genotype remains unique in the U.S. National TB Genotyping Service database. The contact investigation required an estimated total of 1,200 hours of staff time.
DIsCussIon
Previous published studies have investigated M. tuberculosis transmission aboard military ships, commercial aircraft, passenger trains, commuter vans, and school buses, but none has estimated the risk of M. tuberculosis transmission in an automobile. [4] [5] [6] [7] [10] [11] [12] [13] In this investigation, cumulative exposure time was not significantly associated with positive TST results, although the small number of participants limited the study's statistical power to detect such a difference. Therefore, inferences about the scope of M. tuberculosis transmission to passengers stratified by cumulative exposure time to the driver should be limited. However, the 7% prevalence of M. tuberculosis infection among the passengers evaluated was lower than the expected 30% for community contact investigations 14 and did not exceed the estimated 5%-9% background prevalence of M. tuberculosis infection for this population. 15 The evidence that passengers did not have a higher rate of positive TST results than the background prevalence suggests that M. tuberculosis transmission was rare or did not occur in this transportation setting. Therefore, expansion of the contact investigation to the remaining low-priority passengers was considered unnecessary.
This investigation was conducted, in part, because of the concern that passengers had medical risk factors that conferred an increased risk of progression to TB disease if infected. False-negative results are a known limitation of using TSTs in people with immunosuppression. 9 However, more than two years after the driver's diagnosis, no additional cases of TB disease with the driver's strain of M. tuberculosis have been identified among passengers, in the metropolitan-DC area or elsewhere in the United States. Because contacts are most likely to develop TB disease within two years of infection, 3, 8 the absence of TB disease among passengers provides additional evidence that M. tuberculosis transmission in this setting was unlikely. 
ConClusIons
Decisions about initiating transportation-related contact investigations have become more complicated as recent high-profile investigations have focused the attention of the media and public on TB disease. 5 However, the value of intensive TB contact investigations in transportation-related settings remains unclear. 4, 6, 7, [10] [11] [12] This investigation yielded insufficient evidence that M. tuberculosis transmission from the driver to medically fragile passengers occurred. In addition, only 27% of passengers diagnosed with latent M. tuberculosis infection completed treatment, which is well below the national target of 85%. 3, 16 Despite the low yield, the investigation was resource-intensive, requiring an estimated 1,200 hours of staff time. To focus limited resources, TB-control programs should consider transportation-related passenger contact investigations to be low priority unless ventilation in the mode of transportation is restricted or the exposure is repetitive or long. 3 The authors thank the health departments and staff for their assistance with the investigation. 
